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© System and method for maintaining ink concentration In a system. 



from either the external supply of ink (36) or the 
external supply of ink replenisher (40). Finally, a 
controller (34) responsive to the ink level sensor (46) 
and the count signal (N), is arranged to enable flow 
of fluid from one of the external reservoirs (36, 40) to 
the main ink reservoir (16) in response to the low ink 
level signal, and to cease allowing flow in response 
to the normal ink level signal. The controller is 
arranged to selectively allow the flow of ink and 
replenisher based on drop count (N) history and the 
predetermined cycle volume of ink (M), and in re- 
sponse to the low ink level signal, so that a substan- 
tially constant concentration of ink is maintained in 
the main ink reservoir (16) in spit of evaporation of 
ink solvent. 
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© Ink concentration in a system is maintained re- 
gardless of the duty cycle under which the system is 
operating. In an ink jet system (10), a print head (12) 
receives ink from the main ink supply (16) and forms 
continuous drops. The drops needed for printing to 
form the desired image are selected from the con- 
tinuously formed drops. Based on the selection, a 
count signal (N) is produced indicative of the num- 
^! ber of drops printed. An ink level sensor (46) in the 
™ main ink reservoir (16) generates a low ink level 
O signal when ink in the reservoir reaches a predeter- 
mined low level, the difference between a normal 
level and the low level corresponding to a predeter- 
lO mined cycle volume (M). A fluid connection selec- 
g tively allows flow into the main ink reservoir (16) 
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Technical Field 

The present invention relates to continuous ink 
jet printers and, more particularly, to an innovative 
system and method for maintaining the concentra- 
tion of the ink in a system regardless of the duty 
cycle under which it is operating. 

Background Art 

Ink jet printing systems are known in which a 
print head defines one or more rows of orifices 
which receive an electrically conductive recording 
fluid, such as for instance a water base ink, from a 
pressurized fluid supply manifold and eject the 
fluid in rows of parallel streams. Printers using 
such print heads accomplish graphic reproduction 
by selectively charging and deflecting the drops in 
each of the streams and depositing at least some 
of the drops on a print receiving medium, while 
others of the drops strike a drop catcher device. 

In a continuous ink jet fluid system, the ink 
used, which includes a carrier fluid, such as water 
or a solvent, and colorant, is continuously recir- 
culated through the system under vacuum and 
mixed with air. Evaporation of the carrier fluid due 
to the air-ink interaction increases the colorant con- 
centration, such as dye or pigment, of the ink. 
Proper colorant concentration is essential to the 
operation of an ink jet print head. The measure- 
ment of colorant concentration is used to determine 
the amount of replenisher needed to mix with the 
ink to compensate for the carrier fluid lost due to 
evaporation. When printing rates are high, the 
amount of colorant and carrier fluid removed from 
the system are typically approximately equal and 
the ink concentration is maintained, thus, only ink 
is added to the system. 

Alternatively, when little or no printing is being 
done, the system is in an idle condition and the 
evaporation rate of the carrier fluid is typically 
higher than the amount of colorant removed during 
printing. In this instance, then, the colorant con- 
centration level increases. A replenishment fluid is 
needed to bring the ink concentration level down to 
the proper mixture since high ink concentration 
affects properties of the ink which are critical to the 
functions of an ink jet print head. As would be 
obvious to one skilled in the art, affecting ink prop- 
erties such as viscosity is detrimental, since the 
energy required to stimulate filaments is deter- 
mined partially by the viscosity of the fluid. 

It is desirable to maintain the ink concentration 
of a system at a level within narrow limits of fresh 
ink. This is accomplished by adding r plenishment 
fluid to the system to compensate for ink vehicle 
fluid lost by evaporation. Pr vious systems used a 
direct measure of the colorant c ncentration in the 



ink for this purpose, typically employing one of two 
different measuring techniques. One concentration 
monitoring system uses a viscosity measurement 
to assess ink concentration. The second, and more 
5 successful method uses an optical density mea- 
surement. Both of these methods require the use 
of complex and expensive hardware, and necessi- 
tate tedious calibration. Another known system for 
reconstitution is described in U.S. Patent 
70 4,121,222. The system disclosed in the '222 patent 
uses a printed drop count to determine when fluid 
should be added. That system also uses a balance 
scale to determine when replenishment fluid is 
needed. However, this reconstitution system re- 
ts quires a weight balance for solvent make-up. Such 
devices are expensive, particularly when modified 
to be suitable for use in an industrial environment. 

It is seen then that there is a need for a system 
and method for maintaining ink concentration in a 
20 system regardless of the duty cycle under which it 
is operating, and without the use of a complicated 
and expensive apparatus for monitoring ink con- 
centration directly. 

25 Summary of the Invention 

This need is met by the system and method of 
the present invention wherein a general purpose is 
to maintain the ink concentration of a system at a 
30 level within narrow limits of fresh ink. This is ac- 
complished by adding replenishment fluid to the 
system to compensate for ink vehicle fluid lost by 
evaporation. 

In accordance with one aspect of the present 
35 invention, ink concentration in a system is main- 
tained regardless of the duty cycle under which the 
system is operating. In an ink jet system, a print 
head receives ink from the main ink supply and 
forms continuous drops. The drops needed for 
40 printing to form the desired image are selected 
from the continuously formed drops. Based on the 
selection, a count signal is produced indicative of 
the number of drops printed. An ink level sensor in 
the main ink reservoir generates a low ink level 
45 signal when ink in the reservoir reaches a predeter- 
mined low level, the difference between a normal 
level and the low level corresponding to a predeter- 
mined cycle volume. A fluid connection selectively 
allows flow into the main ink reservoir from either 
so the external supply of ink or the external supply of 
ink replenisher. Finally, a control means responsive 
to th ink level sensor and the count signal, is 
arranged to enable flow of fluid from one of the 
external reservoirs to the main ink reservoir in 
55 response to the low ink level signal, and to cease 
allowing flow in response to the normal ink level 
signal. The control means is arranged to selectively 
allow the flow of ink and replenisher based on drop 
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count history and the predetermined cycle volume 
of ink, and in response to the low ink lev I signal, 
so that a substantially constant concentration of ink 
is maintained in the main ink reservoir in spite of 
evaporation of ink solvent. 

Accordingly, it is an advantage of the present 
invention that it maintains the concentration of ink 
in a system, regardless of the duty cycle under 
which the system is operating. Other objects and 
advantages of the invention will be apparent from 
the following description, the accompanying draw- 
ing and the appended claims. 

Brief Description of the Drawing 

Fig. 1 is a diagrammatic representation of the 
fluid handling portion of a printing system em- 
bodying the present invention; and 
Fig. 2 is a flow diagram which describes a 
control function for controlling operation of a 
control means in an exemplary replenishment 
system. 

Detailed Description of the Preferred Embodiments 

Referring to the drawings, Fig. 1 is a diagram- 
matic representation of one embodiment of the 
present invention. In Fig. 1 , a fluid handling portion 
of a printing system, generally referred to by refer- 
ence numeral 10, is shown. The system 10 in- 
cludes a print head assembly 12 useful for non- 
contact imaging, arranged in the fluid system 10 to 
supply consistent ink for printing. Ink is supplied to 
the print head 12 by an ink pump 14 which draws 
its ink from a main internal reservoir 16 and sup- 
plies the ink to the print head 12 under pressure. 

Continuing with Fig. 1, internal to the print head 
12 is a plurality of orifices fluidically connected via 
fluid lines 18 to the pressurized flow of ink from the 
Ink pump 14. The orifices have a closely controlled 
open area so that under a given pressure, a consis- 
tent flow of ink is obtained from each orifice. Each 
orifice in the plurality continuously creates uniform 
streams of drops of ink 20. Drops to be used for 
printing are given a different treatment from those 
not selected for printing. For example, the drops 
selected for printing are given an electrostatic 
charge which is different from the non print drops. 
In this case, the drops then pass through an elec- 
trostatic field which separates the print drops from 
the redundant drops. Of course, any technique 
which can slightly change the momentum of the 
drop, can be used to separate print drops from 
redundant drops. 

Drops which are not used for imaging are de- 
flect d into a catcher 22. The catcher 22 is con- 
n cted by fluid lines 24 to the main internal reser- 
voir 16 which is maintained under a partial vacuum 



by a vacuum pump 26. Any suitable means can be 
utilized to create the necessary vacuum, such as 
an aspirator pump or a mechanical vacuum pump. 
The vacuum created by the vacuum pump 26 is 

5 effective in drawing the un-printed ink from the 
catcher 22 to the main internal reservoir 16. It will 
be clear to one skilled in the art that filters, restric- 
tors, and other components can be used in the 
fluid system 10 described herein without departing 

70 from the scope of the invention disclosed. 

A key aspect of the imaging system 10 de- 
scribed in Fig. 1 is a data system 28 which sup- 
plies control signals to the print head 12 in the 
form of print signals along line 30. These print 

75 signals determine whether each of the drops gen- 
erated by the plurality of orifices in the print head 
12 is to be a printed drop or is to be caught by the 
catcher 22 and returned to the main internal reser- 
voir 16. For example, in a binary continuous ink jet 

20 printer, a "1 " signal might correspond to a drop to 
be printed, while a "0" signal might correspond to 
a drop to be caught and recirculated. The data 
system 28 must provide appropriate signals to the 
print head 12 to print the desired image. Another 

25 function of the data system 28 is to maintain a 
count of the number of drops printed, and to pro- 
vide that count signal, N, along line 32 to control 
means 34. 

The main internal reservoir 16 maintains an ink 

30 supply internal to the printer and is fluidically con- 
nected to an external supply of ink 36 via a valve 
38 and an external supply of replenishment fluid 40 
via a valve 42, wherein both valves 38 and 42 are 
controlled by the control means 34. Ink level, de- 

35 noted as reference numeral 44, in the main internal 
reservoir 16 is controlled by a level sensing sys- 
tem, diagrammatical^ shown in Fig. 1 as a float 
switch 46. When the ink level 44 in the main 
internal reservoir 16 drops below a predetermined 

40 level, the level sensing switch 46 is closed, and a 
low ink level signal is generated along line 48 and 
detected by the control means 34. In response to 
the low ink level signal, the control means 34 
opens either valve 38 or valve 42, making a fluidic 

45 connection from one of the external tanks 36 or 40 
to the main internal reservoir 16. The vacuum in 
the main internal reservoir 16 draws fluid through 
the opened valve 38 or 42, from either the external 
ink tank 36 or the external replenishment tank 40. 

50 The opened valve remains open until the fluid in 
the main internal reservoir 16 raises to a level at 
which the level sensor switch 46 is again opened. 
The volume of fluid added in this process is called 
a cycle volume M. The cycle volume is determined 

55 by the hysteresis in the level sensor switch 46. 
Wheth r valve 38 or valve 42 is opened is deter- 
min d by a control function, depicted in Fig. 2, 
which is r sponsive to the drop count signal N as 

4 
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well as to the history of previous fluid additions. 

Referring now to Fig. 2, there is illustrated a 
flow chart 50 of the control function which controls 
the operation of the control means 34 in Fig. 1. 
When the flow chart 50 starts at block 52, three 5 
values are initialized at block 54; an ink volume 
variable, x, a replenishment fluid volume variable, 
y, and the drop count, N. The ink volume variable, 
x, is & variable which monitors ink volume, and can 
be tabulated in appropriate units such as units of io 
drop volume. The replenishment volume variable, 
y, is another variable which monitors replenishment 
fluid volume, and can be tabulated in appropriate 
units such as units of drop volume. The drop count, 
N, is a third variable which monitors the volume of 75 
ink printed, and can be tabulated in appropriate 
units such as units of drop volume. 

As the system 10 operates, fluid is used by 
evaporation and by printing. Logic in the control 
means 34 of Fig. 1 constantly checks to see if the 20 
level sensing switch 46 is closed, as indicated by 
block 56, and constantly updates the drop count N 
as drops are printed, as indicated at block 58. The 
drop count N is maintained by the data system 28. 
When the logic of the control means 34 determines 25 
that the level sensing switch 46 is closed, a closed 
position is indicated at block 56. When the position 
of the level sensor 46 is closed, it is determined at 
decision block 60 that fluid must be added to the 
system 10. When the position of the fluid sensor is 30 
determined at block 56 to be open, then decision 
block 60 determines that fluid does not need to be 
added to the system 10, and the logic on the 
control means 34 continues its checking. 

When fluid must be added to the system 10, 35 
as determined at decision block 60, the flow chart 
proceeds to block 62, where the variables x, y, and 
N, previously initialized at block 54, are utilized. At 
block 62, ,the drop count N is added to the ink 
volume variable x. and the difference between the ao 
cycle volume M and the drop count N is added to 
the volume variable y. This is done so that the total 
volume added to the sum of ink volume variable x 
and replenishment volume variable y is the cycle 
volume M. The program 50 then proceeds to de- 45 
cision block 64 where the logic of the control 
means 34 checks to see which of the two variables, 
x and y, is larger. When the ink volume variable x 
is larger than the replenishment volume variable y, 
then ink is added to the system 10 from the ink 50 
supply tank 36 to keep the fluid concentration in 
the main internal reservoir 16 near standard or 
acceptable level for fresh ink, as indicated by block 
66. Conversely, when the replenishment volume 
variable y is larger than or equal to the ink volume 55 
variable x, then r plenishment fluid is added to the 
system 10 from the replenishment tank 40 to keep 
th fluid concentration in the main internal reservoir 



16 near the standard or acceptable level for fresh 
ink, as indicated by block 68. 

When it is determined at decision block 64 that 
ink should be added to the main internal reservoir 
16, then valve 38 in Fig. 1 is opened, allowing the 
flow of ink from the ink tank 36 into the main 
internal reservoir 16, until the level sensing switch 
46 is opened. The ink volume variable x is then 
decremented by the cycle volume M at block 70, 
and the system 10 returns to the state where ft 
constantly monitors the level sensing switch 46 to 
see if more fluid needs to be added to the system 
10. Conversely, when It is determined at decision 
block 64 that replenishment fluid should be added 
to the main internal reservoir 16, then valve 42 in 
Fig. 1 is opened, allowing the flow of replenishment 
fluid from replenishment tank 40 into the main 
internal reservoir 16, until the level sensing switch 
46 is opened. The replenishment volume variable y 
is then decremented' by the cycle volume M at 
block 72, and the system returns to the state where 
it constantly monitors the level sensing switch 46 to 
see if more fluid needs to be added to the system 
10. 

The present invention provides a system and 
method for maintaining the concentration of ink in a 
system regardless of the duty cycle under which 
the system is operating. This is accomplished with 
a control means for selectively allowing the flow of 
ink and replenisher based on drop count history, 
the predetermined cycle volume of ink, and the low 
ink level signal. This maintains a substantially con- 
stant concentration of ink in the main ink reservoir, 
in spite of evaporation of ink solvent. 

Industrial Applicability and Advantages 

The present invention is useful in the field of 
ink jet printing, and has the advantage of maintain- 
ing ink concentration in a system without the use of 
a complicated and expensive apparatus for moni- 
toring ink concentration directly. It is a further ad- 
vantage of the present invention that it uses hard- 
ware already in the systems and only adds an 
additional external replenishment fluid supply, an 
additional valve and software control for the valve. 
The system is more cost effective and simpler than 
existing systems. 

The invention has been described in detail with 
particular reference to certain preferred embodi- 
ments thereof, but it will be understood that modi- 
fications and variations can be effected within the 
scope of the invention. 

Claims 

1. In an ink jet print r having a main ink reservoir 
(16) as the internal source of ink which is 
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fluidically conn cted to two external supplies 
(36, 40), one of ink and one of ink replenishes 
and in which print drops (20) are continuously 
created and certain of the drops are selected 
for printing while the drops not selected for 5 
printing are returned to the main ink reservoir 
(16), the system comprising: 

(a) a print head (12) connected to receive 
ink from the main ink reservoir (16) and 
having means to form drops of a pre-deter- w 
mined small range of drop volumes; 

(b) selection means (28) for selecting which 
of the continuously formed drops are need- 
ed for printing to form the desired image; 

(c) drop count means (28) responsive to 75 
said selection means for producing a count 
signal (32) indicative of a number of drops 

(N) printed; 

(d) sensing means (46) in the main ink 
reservoir (16) to generate a signal respon- 20 
sive to a predetermined low ink level (44) in 

the reservoir (16), the difference between an 
accepted ink level and the low ink level 
corresponding to a predetermined cycle vol- 
ume (M); and 25 

(e) control means (34) responsive to the 
sensing means (48) and the drop count 
means (28), to enable flow of fluid from one 
of the external reservoirs (36, 40) to the 
main ink reservoir (16) in response to the 30 
low ink level signal means and to cease 
allowing flow in response to the acceptable 

ink level signal means. 

2. The invention as claimed in claim 1 wherein 35 
the control means (34) selectively allows the 
flow of ink and ink replenisher based on drop 
count (N) history, the predetermined cycle vol- 
ume (M) of Ink, and the low ink level signal, to 
maintain a substantially constant concentration 40 
of ink in the main ink reservoir (16). 

3. The invention as claimed in claim 1 wherein 
the control means (34) comprises: 

(a) means (54) for initializing an ink volume 45 
variable (x), a replenishment fluid volume 
variable (y), and the count signal (N); and 

(b) means (58) associated with the drop 
count means (28) for constantly updating 

the count signal (N) as drops are printed. so 

4. The invention as claimed in claim 3 wherein 
the control means (34) for adding fluid further 
comprises: 

(a) means (62) for adding a count signal (N) 55 
to the ink volume variable (x); 

(b) means (62) for det rmining a diff rence 
between the cycle volum (M) and the 



count signal (N) and generating a difference 
signal in response thereto; and 
(c) means (62) for adding the difference 
signal to the replenishment fluid volume 
variable (y), wherein a total volume added 
to the sum of ink volume variable (x) and 
the replenishment fluid volume variable (y) 
is equal to the cycle volume (M). 

5. In an ink jet printer having a main ink reservoir 
(16) as the internal source of ink which is 
fluidically connected to two external supplies 
(36, 40), one of ink and one of ink replenisher, 
and in which print drops are continuously cre- 
ated and certain of the drops are selected for 
printing while the drops not selected for print- 
ing are returned to the main ink reservoir (16), 
the method comprising the steps of: 

(a) connecting a print head (12) to receive 
ink from the main ink reservoir (16) and 
having means to form drops of a pro-deter- 
mined small range of drop volumes; 

(b) using a selection means (28) for select- 
ing which of the continuously formed drops 
are needed for printing to form the desired 
image; 

(c) using a drop count (28) means respon- 
sive to said selection means for producing a 
count signal indicative of a number of drops 
(N) printed; 

(d) positioning a sensing means (46) in the 
main ink reservoir (16) to generate a signal 
responsive to a predetermined low ink level 
in the reservoir, the difference between an 
accepted ink level and the low ink level 
corresponding to a predetermined cycle vol- 
ume (M); and 

(e) using a control means (34) responsive to 
the sensing means (46) and the drop count 
means (28). to enable flow of fluid from one 
of the external reservoirs (36, 40) to the 
main ink reservoir (16) in response to the 
low ink level signal means and to cease 
allowing flow in response to the acceptable 
ink level signal means. 

6. The invention as claimed in Claim 5 further 
comprising the step of using fluid connection 
means (38, 42) responsive to the sensing 
means (46) for selectively allowing flow into 
the main ink reservoir (16) from the external 
supply of ink (36) and the external supply of 
ink replenisher (40). 

7. The invention as claimed in claim 5 wherein 
th control means (34) selectively allows the 
flow of ink and ink replenisher based on drop 
count (N) history, the predetermined cycle vol- 
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urn of ink (M), and the low Ink level signal, to 
maintain a substantially constant concentration 
of ink in the main ink reservoir (16). 

a The invention as claimed in claim 5 wherein 
the step of using a control means (34) com- 
prises the steps of: 

a. initializing an ink volume variable (x), a 
replenishment fluid volume variable (y), and 
the count signal (N); and 

b. constantly updating the count signal (N) 
as drops are printed. 

9. The invention as claimed in claim 8 wherein 
the step of adding fluid further comprises the 
steps of: 

(a) adding a count signal (N) to the ink 
volume variable (x); 

(b) determining a difference between the 
cycle volume (M) and the count signal (N) 
and generating a difference signal in re- 
sponse thereto; and 

(c) adding the difference signal to the re- 
plenishment fluid volume variable (y), 
wherein a total volume added to the sum of 
ink volume variable (x) and the replenish- 
ment fluid volume variable (y) is equal to 
the cycte volume (M). 

10. The invention as claimed in claim 8 wherein 30 
ink is added to the main ink reservoir (16) 
when the ink volume variable (x) is larger than 
the replenishment fluid volume variable (y). 
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© Ink concentration in a system is maintained re- 
gardless of the duty cycle under which the system is 
operating. In an ink jet system (10), a print head (12) 
receives ink from the main ink supply (16) and forms 
continuous drops. The drops needed for printing to 
form the desired image are selected from the con- 
tinuously formed drops. Based on the selection, a 
count signal (N) is produced indicative of the num- 
ber of drops printed. An ink level sensor (46) in the 
main ink reservoir (16) generates a low ink level 
signal when ink in the reservoir reaches a predeter- 
mined low level, the difference between a normal 
level and the low level corresponding to a predeter- 
mined cycle volume (M). A fluid connection selec- 
tively allows flow into the main ink reservoir (16) 
from either the external supply of ink (36) or the 
external supply of ink replenisher (40). Finally, a 
controller (34) responsive to the ink level sensor (46) 
and the count signal (N), is arranged to enable flow 
of fluid from one of the external reservoirs (36, 40) to 
the main ink reservoir (16) in response to the low ink 
level signal, and to cease allowing flow in response 
to the normal ink level signal. The controller is 
arranged to selectively allow the flow of ink and 
replenisher based on drop count (N) history and the 
predetermined cycle volume of ink (M), and in re- 



sponse to the low ink level signal, so that a substan- 
tially constant concentration of ink is maintained in 
the main ink reservoir (16) in spite of evaporation of 
ink solvent. 




FIG. 1 



BNSDOCJD: <EP 0585560A3 I > 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.4) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcattoa Nunlw 

EP 93 11 0773 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages , 



Relevant 

to < " " 



CLASSIFICATION OF THE 
APPUCATION (lntCtS) 



DE-A-30 43 260 (RICOH CO.) 
page 9, line 1 - page 22, line 14; 
igures 3-6 * 

FR-A-2 672 401 (FILOTEX S.A.) - 

* page 3, line 1 - page 5, line 25; figure 
* 

US-A-4 121 222 (DIEBOLD ET AL.) 

* abstract; figure 1 * 

»BM TECHNICAL DISCLOSURE BULLETIN, 
vol.32, no.4A, September 1989, NEW YORK, 
US 

pages 478 - 479, XP039876 

•ink balance control for an ink jet 

printer' 



1,2,5-7 
1,5 

1,5 
1,5 



B41J2/195 
B41J2/175 



The promt search report has been drawn up for all da 



TECHNICAL FIELDS 
SEARCHED (IntCLS) 



B41J 



THE HAGUE 



Data of a»?tetiM mt tte ttmxk 

21 February 1994 



De Groot, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 
Y : particularly relevant If combined with 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle imdeHymg tlw invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted In the application 
L: document died for other reasons 



dVTmember of the same patent family, corresponding 



<6P ONKSfltlAft 1 > 



